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PREFACE

National Hydrology Project Known as NHP-III is a World Bank assisted project
and coordinated by Ministry of Jal Shakti. The aim of the project is to improve the
planning, development and management of water resources as-well-as flood
forecasting and reservoir observations in real-time.

Under NHP-III, SOI is providing updated digital topographical Geo-database
and DEM of 3-5m accuracy of around 8,35,742 Sq. Km. area as—well-as DEM of 0.5m
accuracy of approximately 71,203 Sq. Km. area.

Under NHP Survey of India has established a network of Continuously
Operating Reference Stations (CORS) in Uttar Pradesh and Uttarakhand which is
capable of providing Real Time Positioning Service through RTK/NRTK. During
various discussions at NPMU and with other State Implementing Agencies (IAs), it
was felt that there is a need to create awareness among officers and staff of IAs,
specifically regarding use of Continuously Operating Reference Station (CORS) for
precise positioning at any place and Geoid Modeling to deduce orthometric height
using GNSS observations. Hence, an online training programme of 01 day on “Use of
CORS Network and Height by Geoid Model” for NHP field work was envisaged and
conducted on 07 Junc, 2022 in which 09 participants from various Implementing
Agencies participated.

The response of training on “CORS Network and Height by Geoid Model” has
been very encouraging and there is a demand for more training on the subject.

We also expressed extreme gratitude to Surveyor General of India for his
continuous support for NHP in general and conduct of training in particular. Sincere
thanks due to Shri Neeraj Gurjar, Director, G&RB, Shri Avanish Kumar, Dy.
Superintending Surveyor, Shri Bhaskar Sharma, Officer Surveyor, Shri Ravi Prakash,
Officer Surveyor and Shri A.P. Mahajan, Officer Surveyor for taking lectures at our
request and staff of G&RB, Dehradun for conducting the training. Thanks are also
due to Col S.K. Dwivedi, Nodal Officer, NHP & Director NGDC, Shri Ajay Kumar, OS
and other officers & staff of NGDC for organizing the training as-a-whole.

At last but not the least we are extremely thankful to NPMU for their
continuous guidance and state IAs for deputing various officers to participate in the
training.

(S. V. Singh)
~ Project Director
National Hydrology Project-III



Training Schedule

Time




List of participants attended the training

sl Name Designation Email-ID Mobile No Department/
No (Mr/Ms.) Implementing Agency
1 Pinnapareddy Tejasri Assistant shanmukha.pp@gmail.com 8886149968 | Water Resources
Executive Department, Govt of
Engineer Andhra Pradesh
2 Ashish Kumar Vijay Deputy Engineer ashishvj087@@gmail.com 7435885325 | Water Resources
Department , Govt of
Gujarat
3 Shruti Halli Research shruthi.shivaganga@gmail.com | 6363209161 | Water Resources
Assistant Department, Govt of
Karnataka
4 Jagadish Prasad Patra | Scientist D patra.nih@gmail.com 9870784572 | National Institute of
Hydrology (NIH)
5 Abhijit behera Research Abhijitbehera9l@gmail.com 8847845575 | Ground Water
Assistant Development , Govt of
Odisha
6 Thomas Chinnappan Geologist thomas.j.1904@gmail.com 9659595612 | Water Resources
Department, Govt of
TamilNadu
7 M Abdul Rahman Assistant abrahwrd@gmail.com 9585688734 | Water Resources
Engineer ' Department, Govt. of
TamilNadu
8 Jyoti Gaur IT Specialist gaurjyoti82@gmail.com 9044577701 | Irrigation and Water
Resources Dept., Govt of
Uttar Pradesh
9 Anita Mandal Data Base mandal.anita@gmail.com 9026926502 | Irrigation and Water
Specialist Resources Dept., Govt of

Uttar Pradesh
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CONTINUOUS OPERATING REFERENCE
STATIONS
(CORS)

Introduction:

* Controlpoints are primary requirement for any surveying
and Mapping activity for Nation Development purpose.

* A control pointis any point on the surface of the earth
whose Latitude, Longitude and Height OR Easting, Northing
and Height is known with reference to certain datum.

* Adatumis a reference from which spatial measurements
{Latitude, Longitude and Heights) are made.

* The Control Survey generally classified as:

— Horizontal Control: Easting, Northing OR Latitude, Longitude
Datumis Ellipsoid (WGS-84 Ellipsoid)

— Vertical Control: Height, the Datum for Height Controlis MSL or
Geoid.

* METHOD FOR PROVIDING HORIZONTAL CONTROL:
— CONVENTIONAL METHOD:

+ Triangulation: Carried out in hilly terrain
+» Trilateration: Carried out in hilly terrain
» Traverse: Carried out in Plane area

— MODERN METHODS:
* GNSS STATIC Survey
* GNSS RTK OR NRTK Survey

Background

+ Status of Horizontal Control in India:
- 2500 Ground Control Points (GCPs) in India: 30 - 40km
apart
- Provision of Control by GCPs: Static GNSS Surveys and
Post Processing of data

- It was a Passive System

+ Long Observation duration and post processing of data
required.

- Itis time consuming
- Not Suitable for present days users requirements

- Solution to the Problem:

* Requirement of Active GNSS Stations CORS & Network
RTK

+ Few Minutes Observation is required for cm level
accuracy

OBJECTIVE:

+ To replace the conventional time consuming GNSS
static survey technique by effective & efficient use
of Network RTK technique for Large Scale
Mapping, SVAMITVA project, NHP and NMCG
project & and various other developmental
activities by establishing CORS Infrastructure.

What is a CORS Networks?

» Continuously Operating Reference Stations (CORS) are
geodetic quality GNSS receivers and antennas that are
permanently installed at a Reference Station (RS) having very
accurately pre-determined coordinates.

+ These Reference Stations collect GNSS data continuously,
and transmit data via Internet to a Central Server.

+ At the server, the data is archived for future use, and made
available for download by any user.

+ The incoming data is also processed at the server to
generate corrections which are made available to users over
the Internet to users in real-time.

CORS ESTABLISHMENT PROCESSES
+ CORS Site Selection
* Permission to build CORS Monument from local Authorities
* Construction of CORS Monument

* Installation of GNSS instruments and other accessories (Power,
Communication etc.)

» Establishment of CORS Control Centre
+ Processing of CORS data (72 Hrs. GNSS data) using scientific

software (Bernese 5.2) in order to derive highly precise coordinates
of CORS.

+ Validation of accuracy of NRTK Results obtained using CORS
Network

« Finally Users Registration for use of CORS Network for Surveying
and Mapping Applications

Component of A CORS Network

1. Continuous Operating Reference Station (CORS)




Continuous Operating Reference Station (CORS)

* Geodetic quality GNSS receivers and antennas are permanently installed
at a Reference Station (RS) having very accurately pre-determined
coordinates.

* These Reference Stations collect GNSS data continuously, and transmit
data via Internet to a Central Server (Control & Processing Centre).

A CORS station requires power to operate GNSS Receivers, for which a
solar panel along with electric connection is installed at each CORS site for
24x7x365 data collection:

* The Communication between GNSS receiver and the Control Centre, is
established by ADSL/Broadband connection installed at each CORS site
along with automatic swapping dual SIM GSM/GPRS facility for 24x7x365
data transmission,

* Met sensors are also installed at few CORS sites to collect meteorological
data for various scientific studies.

* Highly precise coordinates of each CORS sites are derived by processing of
72 hours GNSS data using scientific software Bernese 5.2.

CORS COMPONENTS

Component of A CORS Network
2. CORS Control and Processing Center

Situated in Geodetic & Research Branch of Survey
of India Dehradun

.

CORS Control and Processing Center

CORS Control Centre is equipped with high end servers and GNSS data
processing software.

The software process the incoming GNSS data from CORS sites and
generate the corrections in real time for the users (roving receivers)
working within the CORS network.

The Control Centre then generates corrections and transmit to rover in
Real time and with an accuracy better than a few centimeter.

CORS Control and Processing Center is Situated in Geodetic & Research
Branch Dehradun.

Control Centre also has redundant power and communication for its
operational 24x7x365 basis.

The Control Centre is fully secure and safe. For its safety 6 Nos. of CCTV
installed in the Control Centre to monitor the security aspects of the CC.

Component of A CORS Network

3. GNSS Rover

A GNSS Rover doing NRTK survey work
with reference to CORS network.

Within few minutes observation at
rover end the accurate coordinates of
Rover can be obtained, i.e. Latitude,
Longitude and ellipsoidal height.

Survey Work With Reference to CORS with NRTK

Officers performing Survey Work with Reference to CORS in
Uttar Pradesh with NRTK corrections.

Proposed CORS Network in India
An Active Control Network About 960 CORS

SCHENAT) T S CE

Achievements
STATE INSATALLED
PUNIAB 16
HARYANA is
HIMANCHAL PRADESH 6
KARNATA KA 49
MADHYA PRADESH 20
MAHARASTRA 77
RAIASTHAN 85
DELHI 1
UTTAR PRADESH 66
UTTARAKHAND i5
JAamMmMU 15
JHARKHAND O
KERALA 8
GUJRAT 5
TELENGANA 1
ODISHA
CHATTISGARH 28
TOTAL S00




CORS NETWORK in UP & UK CORS PRODUCT & SERVICES

74 CORS
¢ - + The following Product & Services are available for
Pl the Registered users
! b ] .._'
e S i - NRTK service with an accuracy of 3 to 4cm for users in

i

Real Time

- CORS GNSS Data for static survey users and scientific
community

- DGNSS service with an accuracy of 30 to 40cm for GIS
users

- Online Processing Service for the users who do not have
much exposure in post processing of GNSS data

APPLICATIONS OF CORS

* LARGE SCALE MAPPING PROJECT
SVAMITVA: LARGE SCALE MAPPING OF RURAL INDIA \
* GROUND DATA & DEM VALIDATION iN NHP AND NMCG PROJECT T ha 0 k yO . our attentl on

* GEOID MODELLING

Please visit o welsii: Waw.ons. S eyl gov.in v registes
* CRUSTAL MoOTION and downoad Standard Operdting Procediare.

* GEO-LOCATION OF AERIAL MOVING PLATFORMS
* AND MANY MORE
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The Knowledge of - .i.i; 3 ii/lis very Important In the study of
our globe. If we know the grawty anomahes as we know In
many cases ‘ 5 =2

If the earth were in equilibrium its figure would be close to an
ellipsoid of revolution and gravity field around it wiil be regulor.
But due to Irregularity In the Geold and Ellipsold there are
deviation between the two.

Although the deviations are smail but may ronge upto 100
meters.

G & R B Geophysical Wing which was eorller known as 19
ity 5 responsible for geophysical measurements in the

Geodetic & Research Branc
Survey of India

Gravitation Is the force of *  ‘g"is minimum ot equotor and moximum ot poles.

attraction between two = Shape of the eorth
bodies, such as Earth and our
4 * Axial rotation of the earth
body. The strength of this ot i 4
attraction depends on the
mass of the two bodies and | Principal variation In gravity with Lotitude froem Pole to
distance between the two. Equator ranges from 983 to 978 gols.

A mass falls to the
ground  with increasing » g’ decreoses on going cbove the surfoce of the earth,

welodty and the rate of - e 2= :
Is called gravitational . * g’ decreases on going befow the surface of the earth.

‘g’ or grovity.
There Is decrecse of about 1 mgal per 3 meter,

Irr oddition there ore random werloti ans.

The Centrifugal force caused due to rotation of earth is the main Free air anomaly
cause of the variation in the strength of the gravity field from equator to Moadified free air anomaly
poles.

Bouguer anamaly

Flattering at polar regions also is the reason for increase In the
Modifled Bouguer anomaly

gravity field at Poles. {0

=~ Al the gravity vdlues are bosed
on the {GSN-71 gravity datum.

The international Unit of Gravity is ‘Gal’ after the name of ! avity
Galileo who first measured gravity on earth. RERsentize :,e bas. ed";ag:?

II'GaI =1 cm/Sec?
3*1000 m Gal
 Inial = 1000 micro Gal {uGal)

In Indla cbout 56 Standard Gravity base
Stations have been established aimost
on all the Air ports in the country. The
Datum for dll these statlons was Polarn
Airport, New Delhl.

. r| L
\ Il

a{qh warious Pendulum apparatus were used at
d:fferenr pu!i before 1946,

Relative Gravity meters:
Relative Gravity meters measure relative changes in ‘g’ between
twolocations. This is based on the principle of “COMPENSATION
OF GRAVITY BY THE ELASTICITY OF A SPRING.

However following Gravimaters were introduced at different time

Relative Gravimeter Reading Resolutlon

! ) X » Frost Gravimeter +0.1mgaf
These relative measurements are tied up with the standard » Worden Gravimeter +0.1mgdl

gravity netwark which is ultimately connected to absolute 4 > Lacoste & Romberg (G model) +0.01mgal

gravity net work. » Lacoste & Romberg (D model) +£0.005mgal
* Scintrex CG3M Digita Gravimeter +0.001mga
= Scntrex CG-5 Digital Gravimeter +0.001mgal
*Scintrex CG-6 Digital Gravimeter +0.001mgal

'® Gravity meter measures the actudal value of g by L
g the speed of a fallilng mass. The predsionis 0.01m
1t Gal. But they are heavy, bulky and expensive.
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wight

Bty virtacn

10 km X 10 km Gravity Meshwork for Geoid
Modelling.

1 to 5 km dense mesh for various developmental
projects.

Extra Departmental projects.
Bench Marks of all High Precision leveling lines.

1 gravity observation for seisin tectonic

If the earth were in equilibrium its figure will be close to an ellipsoid! of
revolution and gravity field around it will be regular. But due to
irregularity in the shape of Geold and Ellipsoid there are deviation
between the two. Although the deviations are small but may range up
to 100 meters.

The primary reference for heights is the ‘Geoid’” which may be defined
as:

s e aaiarn 2 £ s ey i o,
In simplest terms it is o datum which conforms to the
ofghysics which says water must flow from higher potential

to fower potential.




About 29000 obsarved gravity
points

The ease & abllity of GNSS (Globdl
Navigation Sateliite System) to derive
falrly precdse and accurate horizonta
positions (x,y) is well known and fully
established but derived ellipsoidal helght
(h) is not suitable far practicof purposes.
GPS/GNSS are based an o mathematical
Surface called elllpsold which do not obey
the water flow criteria as per the laws of
physics.

Geoid Madel (N) relates GPS / GNSS
derived heights (h) with Orthometric
(Physlcd) heights (H) using the
relationship

R facliitates rdlr;d“ conversion  of
ellipsaldal heights In to Orthometric
heights.

FUMVEY OF DO
WPL & C Wieg |GEAR)
Topainicen | ovmsing psms

About 2520 observed GCP

Cigital Elevation model
(Based on Orthometric Height)




NHP Hybrid Geoid

4.

Mo of Check RMSE  Std. Dav. Mean = Min Diff | Max DWF

e points (m) (m) {m) {m) {m)

ndGeold 151 0.144 0.024 -0.275 0549

|
1 nep
| 0.077 [T R

Flood Level
Marking
Project, Kerala




. Before starting GNSS Observations make dearance around the station
| by cutting near by bushes, chopping of branches of trees.

A Stte Log Form for each station and for each set of observations should
be maintained separately along with a GNSS Observation Reglster.

iii. All the infarmation, given in Site Log of observed station should be
maintained in GNSS Observation Register.

. Site Log Form for each GNSS observation on GCP should have the
information viz. Nome of the GCP, Date of Observation, Starting and
Closing Time, Helgbt of Antenna, Recelver & Ant Nos. etc., should
be entered on appropricte place.

ement of A Height should be token at 120° apart

Ing rod avaifable with the instr t, a photograph dearly

showing helght of Antenna, calnclding with the edge paint of antenna
on measuring rod, to be taken & saved.

vi Antenna Helght will be measured in meters as well as in Inches.

Ay it iv deor that for o lorge projects like NHF, NMCG, LSM, Swomita,
etc., the usefulness of o Geoid Modél Inimmene.

it hos besn dearly established thot the high resolution duta over an orea
Increases the cccuroey by nearly 47% fin cose of NHP)L

Simiorly, it hox been chserved thot the NMCG amd other Geolds will oo
reduce the uncertointy by huge moroin therafere mobing the end produes
to meet the project reguirements.

Inn view of the encourcging resufts obtalned o o result of the ynporoliel
efforts of hundreds of mon hours of officers, surveyors end umskilled
fobaurs, it con be conduded that o High Resolution Fan indlo Geold Modea!
will support the vorlous projects of natlond importance and wilf make
Indic Aemamicbhar’ by having its own Geold model developed by ity own

&-ﬁmﬂmmdwmﬁnmlnmﬁuﬁm
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. Permanent Noture Standard Bench Marks [SBIMs) may be selectsd viz. Type ‘B, Type ‘MW’

To find out the ellipsoidal height of a station, a network is to be farmed with respect to two
GCPs (either Phase-l or Phame-il) established under GCP Librasy Project in indlg, In such o
way that selected Bench Marks & GCPs form an idedl figure for GNSS observations in each
exerdse

_Type 'P ste. from the Laveling Line of RIVD.

Reference Pilar to Type ‘B’ Bench Mark should nat be taken for GNSS observations.

If GCP Is found destroyed another suitable nearby GCP should be reconnolterad (occording
to mop) and selected far GNSS Exerdse.

The' biity nature [ inf {intact or shifted/ disturbed/destroyed) of selected
SBMs/GCPs must be maintained. This Information must be intimated to G&RB, Survey of
India.

_The sdacted points shoudd have g sky dearance of 15° for GNSS Observations.

The accuracy of observed diipsoldal halght using GNSS observation mainly depends on the
observation ste that should be free from obstruction. Selected polnts shoudd not be near
reflecting susfoces Jike Water Badles, Chimneys, High Power Transmission lines, Cellidar
Towers, Microwave Towers etc, which oeate mult path and Induce errors In GNSS
observationa.

All Sintion's phatograph must be token for futire referance. A sketch /diagram of selected
SBMs/ GCPa must ba drown neatly with surrounding detada

Description should be written by lete & dear info n of i
objacts/features detad of SBMs/GCPs with road connectvity from nearest
Villog e/ Tow o well o3 the names of Tehsil & District atc

The GNSS data must be downloaded and pr | using suitabl
processing software.

The processing must be done with respect to at least two GCPs (either
Phasa-i ar Phase-li) established under GCP Library Project In Indla.

'The known coordinates of the GCPs must be obtalned from Survey o_f
\Indla before processing the observations.

Al the informatian, glven in Site Log of observed station should be
used In GNSS processing.

v it is also suggested that, the Precise ephemeris may be used while
processing the GNSS data.

v After processing all the standard errors, RMSEs must be well within the
permissible limits.
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Snapshots of online training on “Use of CORS Network and Height by Geoid Model”
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To find out the ellipsoidol height of a station, a network i1 (o be formed with respect to two | bhasiaissor
GCPs (erther Phose or Phase-ii) estoblished under GCP Lidrary Project in indio, In such o
woy that selected Bench Morks & GCPs form an idea! figure for GNSS observations in each
exerciye,
it. Permanent Nature Standord 8ench Marky (SBM3j may be sehected vie Type ‘8 Type ‘M’
Type ‘P’ etc. from the Leveling Line of RIVD. Harendra
. Reference Piliar to Type 'B° Bench Mark should not Be taken for GNSS observations.
. If GCP Is found destroyed another suitable nearby GCP 1hould be reconnoltered (according
to map) and selected for GNSS Exercse,
The jumability nature / information fintact or shifted/ disturbed/destroyed) of selected I8
SBMs3/GCPs must be mointained. Thiv information must be intimated to G&RB, Survey of Latan singh
India.
. The selected points shouid howe a sky deorance of 15° for GNSS Obsesvations |
if, The otcuracy of ebserved ¢liipsoidol height wing GNSS obrervation mainly depends on the |
observation site that shouid be free from abstruction, Selected points shouid not be neor
reflecting surfoces llke Water 8odles, Chimneys, High Power Transmission Lines, Celluior L 8chera
Towen, Micowave Towers etc, which creote muiti path and induce errors in GNSS
observations. 1
iil, All Stotion’s photogruph must be token for future reference. A sketch/diagrom of selected
S$8Ms/ GCPs must be drawn neatly with surrounding details.
Description shauid de written by mentioning complete & clear informetion of surrounding 3 Ftadeep
objecti/feotures  detoil of $BMs/GCPy with rood connectivity {rom neorest
Village/Town/City as weil as the names of Tehsil & District etc.
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i. Yo find out the eflipzoidal height of a station, a network is to be formed with respect to two karan singh
GCPs (either Phase-l or Phase-i) established under GCP Librory Project in India, in such a
woy that selected 8ench Marks & GCPy form an ideol figure for GRSS observotions in each S o karan singh
exercise.

. Permanent Nature Stondard 8ench Marks (SBMs) moy be seected vit. Type ‘B) Type ‘M’
Type ‘P’ etc. from the Leveling Line sf RIVD. L Behera

i. Reference Pillar to Type '8’ Bench Mark shouid not be token for GNSS abservations.
f GCP is found destroyed another suiteble nearby GCP should be recannoitered faccording MNanchar Singh Rathare N
ta map) ond selected for GNSS Exercise. |

+ The surtahility nature / information (intoct or shifted/ disturbed/destroyed) of selected .
58M3/GCPs must be maintained. This information must be intimated to G&ASB, Survey of > pladeep
tndia. |
The seiected points should have o sky clecrance of 15 for GNSS Observotions.

. The accuracy of observed ellipsoidal height wing GNSS observation mainly depends on the
observation site that should be free from obstruction, Selected points should nor be necr
reflecting surfaces like Woter Bodies, Chimneys, High Power Tronsmission Lines, Cellular SGw
Towen, Mitcrowave Towers erc., which creote muitl poth and induce errors in GNSS
observations. ’

. All Station's photograph must be token for future reference. A sketch/diogram of selected
$BMs/ GCPs must be drown neotly with surrounding details. &
Description should be written by mentioning complete & clear information of surounding & —~ UPSW IS0 UPID
objects/features  detail of SBMs/GCPs with rood connectivity from nearest
villoge/Town/City os well os the nomes of Tehsl & District etc.

3 preetiba chauhan

Tajinder Kumar

V Srinivasulu

Unmuta - 3 Start video i 3 & Participants L Chat




ABSTRACT OF THE TRAINING

The one day online training on “ Use of CORS Network and Height by Geoid
Model” was organized at G&RB, Survey of India, Dehradun on 07t June, 2022. The
aim of the training was to familiarize the officers from various Implementing Agencies
under NHP about the technical aspects and use of CORS and Geoid Model. It includes
the general introduction to CORS, use of CORS network to get realtime precise
positioning, Gravimeter observation and use of Geoid Model to obtain Orthometric
height using GNSS observations. Participants from various Implementing Agencies
under NHP participated in this online training.

LECTURE ORGANIZED
SNO TOPIC LECTURE BY DATE
1 Use of CORS Network Sh. Avanish Kumar, 07.06.2022
DSS, G&RB
2 Height by Geoid Model Sh. Bhaskar Sharma, 07.06.2022
0S, G&RB







